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[Title of the Invention] 

CULTURE MANAGEMENT METHOD 
[Abstract] 

[Object] To provide a culture management method for microorganisms. 

[Structure] A management method for a culture of microorganisms 
(including cells), managing the culture of the microorganisms (including cells) 
utilizing osmotic pressure of a culture liquid during culturing as an index. Also 
a culture management method for microorganisms (including cells), determining 
in advance the correlation between osmotic pressure of a culture liquid during 
culturing and at least one of the following values: substrate concentration in the 
culture liquid, concentration of a metabolite, and concentration of 
microorganisms (including cells), and managing the culture based on the 
correlating value. 

[Effect] Easy and prompt monitoring and control in a process such as a material 
production or a cell proliferation performed by culturing microorganisms 
(including cells). 

[Claims] 

[Claim 1] A culture management method for microorganisms (including 

cells), characterized in managing the culture utilizing an osmotic pressure of a 
culture liquid during culturing as an index. 
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[Claim 2] A culture management method for microorganisms (including 

cells) according to claim 1, characterized in determining in advance the 
correlation between an osmotic pressure of a culture liquid during culturing and 
at least one of the values in the group consisting of substrate concentration in 
the culture liquid, concentration of a metabolite, and concentration of 
microorganisms (including cells), and managing the culture utilizing the 
correlation as an index. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

The present invention relates to a management method for a culture of 
microorganisms or cells of an animal or a plant, and more particularly to a 
management method for a culture of such microorganisms (including cells) 
useful for application in monitoring and control of a process of material 
production, cell proliferation etc. performed by the culture of microorganisms 
and cells of an animal or a vegetable in food processing, typical examples being 
lactic fermentation, alcohol fermentation, and amino acid fermentation, a 
pharmaceutical process, typical examples being fermented antibiotic production 
and fermented production of physiologically active substances, an agricultural 
operation, typical examples being proliferation of animal or vegetable cells, and 
other areas. 
[0002] 

[Prior Technology] 

Within the recent development and commercialization of technologies 
for producing various substances by a culture of microorganisms and animal or 
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vegetable cells, an exact and prompt monitoring and control of such substance 
production and related processes has become extremely important in production 
technology. 
[0003] 

Various methods have been developed for monitoring and controlling 
material production etc. by such culture of microorganisms or animal or 
vegetable cells, but these methods are mostly based on successive measurements 
of material concentration or the like in a culture liquid and a monitoring of a 
change and a transition in the material concentration in such culture liquid. In 
general, the culture liquid is sampled according to an appropriate schedule for 
the culture process and, after a suitable pre-treatment such as a filtering process, 
a protein eliminating process, a diluting process, an extraction process with an 
organic solvent etc., a substrate concentration or a metabolite concentration of 
such culture liquid is measured by an analytical equipment such as liquid 
chromatography or gas chromatography or an analytical method such as an 
enzyme method, and the culture process is monitored and controlled based on 
the result of such measurement. 
[0004] 

However, such method requires considerable labor and time, since it is 
necessary, as explained above, to sample the culture liquid, to apply 
pre-treatments such as a filtering process, a protein eliminating process, and a 
diluting process, and also to successively measure a concentration of a particular 
substance in such culture liquid with various analytical equipment, and is thus 
has the drawback that simple and prompt monitoring and control of a process 
such as material production or cell proliferation in a timely manner is difficult 
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to achieve, and, in these industrial areas, it is therefore strongly desired that a 
new culture management technology be developed which is capable of replacing 
the prior method of monitoring and controlling the culture which measures 
material concentration in the culture liquid as explained above. 
[0005] 

[Problems to be Solved by the Invention] 

In consideration of the aforementioned situation, the present inventors, 
as a result of intensive investigations for the purpose of developing a completely 
new culture management method capable of solving the aforementioned 
drawbacks in the prior technology and capable of achieving a culture 
management, such as monitoring and control of the culture process, in an exact, 
simple and prompt manner by adopting a new index in place of the 
aforementioned index of the material concentration in the culture liquid, have 
found the desired object can be attained by employing osmotic pressure in the 
culture liquid in the culture process as an index, thereby completing the present 
invention. 
[0006] 

More specifically, the present invention is to provide a new culture 
management method capable of exact and prompt monitoring and control of a 
process such as material production or cell proliferation by the culture of 
microorganisms, without utilizing means for measuring a material concentration 
or the like in the culture liquid that has been considered essential in the prior 
culture management method for microorganisms and animal or vegetable cells. 
[0007] 

The present invention is also intended to provide a simple culture 
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management method not requiring various pre-treatments which are 
indispensable for measuring the material concentration in the culture liquid and 
so were required in the prior culture management method. 
[0008] 

Further, the present invention is to provide a new culture management 
method capable of exact, simple and prompt monitoring and control of a process 
such as material production or cell proliferation by simply measuring an osmotic 
pressure of the culture liquid during the culturing process. 
[0009] 

[Means for Solving the Problems] 

The present invention, attaining the aforementioned objects, is 
constituted of following technical means (1) - (2). 

(1) A culture management method for microorganisms (including cells), 
characterized in managing the culture utilizing osmotic pressure of a culture 
liquid during culturing as an index. 

[0010] 

(2) A culture management method for microorganisms (including cells) 
according to (1), characterized in determining in advance the correlation 
between osmotic pressure of a culture liquid during culturing and at least one of 
the following: substrate concentration in the culture liquid, concentration of a 
metabolite, and concentration of microorganisms (including cells) and managing 
the culture utilizing the correlation as an index. 

[0011] 

In the following, the present invention will be explained in more detail. 
The culture management method for microorganisms (including cells) of the 
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present invention is applicable, as explained before, to monitoring and control of 
a process of material production, cell proliferation etc. performed by the 
culturing of microorganisms and cells of an animal or a plant in a food industry, 
typical examples being lactic fermentation, alcohol fermentation, amino acid 
fermentation etc., pharmaceutical manufacture, typical examples being 
antibiotic production by fermentation, production of physiologically active 
substances by fermentation etc., agricultural operations, typical examples being 
mass proliferation of animal or vegetable cells, and other areas, and can be 
utilized without being restricted according to the type of microorganisms or cells, 
or the type of fermentation method or culture method. Also the microorganisms 
(including cells) in the present invention mean microorganisms and cells of an 
animal or a vegetable, and are defined as including any microorganisms and 
cells of animals and vegetables regardless of type and form thereof. 
[0012] 

Furthermore, the culture liquid in the present invention means a culture 
liquid for the microorganisms or the cells in a process of material production or 
cell proliferation by culturing the aforementioned microorganisms or animal or 
vegetable cells in a certain liquid culture medium, and can be any ordinary 
culture liquid, and is not restricted as to the type or the composition thereof. 
[0013] 

Then, in the present invention, it is required to measure the osmotic 
pressure of the culture liquid in the culture process, and such osmotic pressure 
measurement can be achieved, for example, by measuring the osmotic pressure 
of the culture liquid in a culture tank with an osmotic pressure meter utilizing a 
freezing point drop, preferably an on-line osmotic pressure meter capable of 
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continuous measurement. The specific method can utilize suitable means and is 

not particularly restricted. 

[0014] 

Based on the investigation of the present inventors, it is found, as new 
findings in the course of such investigation, that osmotic pressure of the culture 
liquid in a suitable stage of the culture process has a certain correlation with the 
particular material concentrations in the culture liquid such as a substrate 
concentration, a metabolite concentration or a microorganisms (including cells) 
concentration etc. that were employed as indexes in the prior culture 
management method and that such osmotic pressure can be utilized as an index 
for the culture management, and, as a result, it was found that the culture state 
can be monitored during culturing of microorganisms or cells by measuring the 
osmotic pressure of the culture liquid in the culture process and employing such 
osmotic pressure as an index or calculating substrate concentration, metabolite 
concentration or microorganism concentration from such osmotic pressure using 
predetermined relational formulas and employing such values as an index. 
[0015] 

Thus it is made evident that, by measuring the osmotic pressure of the 
culture liquid by an osmotic pressure meter, preferably an on-line osmotic 
pressure meter capable of continuous measurement, the state of the culture 
liquid can be known more simply and more promptly than by the prior method 
of directly measuring the material concentration in the culture liquid. 
[0016] 

In such case, the aforementioned relational formulas can be prepared by 
determining in advance the correlation between measured values of the osmotic 
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pressure in culture liquid in the culture process and at least one of the following: 
substrate concentration, metabolite concentration and microorganism or cell 
concentration in the culture liquid, and it can be used as an index for monitoring 
the state of the culture. Also in this case, it is possible to suitably utilize the 
aforementioned osmotic pressure or another state variable calculated therefrom 
for controlling a suitable operation variable controlled during culturing 
operations, such as dilution rate in a continuous culture process in a continuous 
culture facility or a fed batch rate of a fresh culture medium in a fed batch 
culture method. 
[0017] 

The specific material whose concentration in the culture liquid is 
compared with the value of the osmotic pressure in the culture liquid, can be 
individually set according to the type of microorganisms or cells to be used, the 
type of produced substance, the type of culture liquid, culture conditions, the 
procedure of culturing etc., but here will be shown certain preferred examples. 
For example, the investigation by the present inventors found that in a culture 
management of a culture process for ethanol production by an alcoholic 
fermentation of yeast, that the osmotic pressure in the culture liquid has a 
certain correlation with remaining glucose concentration, ethanol concentration 
and bacteria concentration in the culture liquid, and it is therefore identified 
possible, by determining in advance the relations among these parameters, to 
exactly, simply, and promptly manage the culture state of the culture liquid by 
simply measuring the osmotic pressure of the culture liquid at a suitable time 
intervals in the culture process and employing such osmotic pressure as an 
index. 
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[0018] 

Also the investigation by the present inventors found for example that in 
a culture management for a culture process for a lactic fermentation of 
lactobacillus, that the osmotic pressure in the culture liquid has a high 
correlation with lactic acid concentration, bacteria proliferation and remaining 
glucose concentration in the culture liquid under a certain condition, and it was 
therefore found possible, by determining in advance the relations among these 
parameters, to exactly, simply and promptly manage the culture state of the 
culture liquid by simply measuring the osmotic pressure of the culture liquid at 
suitable time intervals in the culture process and employing such osmotic 
pressure as an index. 
[0019] 

Also the investigation by the present inventors found for example that in 
a culture management for a fed batch culture process of chlorella in a 
continuous fresh culture medium supplying facility, that the osmotic pressure in 
the culture liquid is strongly correlated with a glucose concentration remaining 
in the culture liquid, and it was therefore found possible, by determining in 
advance the relations between the two parameters, to exactly, simply, and 
promptly manage the culture state of the culture liquid by simply measuring the 
osmotic pressure of the culture liquid at suitable time intervals in the culture 
process and employing such osmotic pressure as an index, thereby enabling a fed 
batch of glucose that is synchronized with the bacteria proliferation, and thus 
enabling simple and prompt control of the culture state in the fed batch culture 
method. 
[0020] 
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As explained in the foregoing, the present invention enables an exact, 
simple and prompt culture control of the microorganisms in the culture process 
for the microorganisms such as yeast, lactobacillus or chlorella by merely 
measuring the osmotic pressure of the culture liquid, but it is made evident from 
comprehensive and systematic experimental results of the present inventors that 
such results can be obtained in the cases of other microorganisms or animal or 
plant cells, so that the present invention is not limited to the aforementioned 
microorganisms but likewise applicable to other microorganisms and animal or 
plant cells. 
[0021] 
[Effect] 

As explained in the foregoing, the present invention has been developed 
from the flnding that osmotic pressure of a culture liquid measured at a suitable 
stage of the culturing of microorganisms (including cells) has a stable 
correlation, under stable conditions, with the values of substrate concentration, 
metabolite concentration, cell concentration etc. which were employed as an 
index in the prior culture management method, and also with the values of cell 
metabolism rate, proliferation rate etc., and so in the present invention osmotic 
pressure in the culture liquid in the culture process is employed as an index for 
the culture management. Therefore, according to the present invention, it is 
possible, based on the osmotic pressure of the culture liquid in the culture 
process, to exactly, simply, and promptly monitor substrate concentration, 
metabolite concentration, cell concentration, and also cell metabolism, cell 
proliferation rate, and other culture states, and further, based on these values, to 
achieve a simple control of various operation variables for operations adjusting 
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the culture state, such as a culture temperature regulation, fed batch of the 

culture medium in synchronization with the bacteria proliferation, or 

optimization of dilution rate in a continuous culture. 

[0022] 

[Examples] 

In the following, the present invention will be further clarified by 
examples thereof, but the present invention is not limited to such examples. 
Example 1 

Culture control for ethanol fermentation by yeast Saccharomyces 
Cerevisiae 

For the purpose of monitoring by determining remaining glucose 
concentration, ethanol concentration and bacteria concentration (OD660) from 
osmotic pressure of the culture liquid, Saccharomyces Cerevisiae was employed 
as the microorganisms and were grown in static culture at 30®C in a modified 
M4 culture medium (yeast extract 0.3%, malt extract 0.3%, peptone 0.5% and 
glucose 4.5%). The ethanol and glucose concentrations were measured by 
enzyme methods, while the osmotic pressure was measured by a freezing point 
drop method, and was converted to its equivalent at 273''K. Results are shown 
in Fig. 1. As will be apparent from Fig. 1, the osmotic pressure showed a 
positive proportional relationship with the bacteria proliferation and the ethanol 
concentration, and an apparent negative proportional relationship with the 
remaining glucose concentration. 
[0023] 

Changes in the osmotic pressure by a consumption of nutrition source 
other than glucose and by a metabolite other than ethanol were found to be 
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smaller than the influence of glucose or ethanol or found to change in time in 
parallel with glucose or ethanol, so that they were not individually investigated. 
Relations between the osmotic pressure and the remaining glucose concentration, 
the ethanol concentration and the bacteria concentration are shown in Fig. 2. 
The following relational formulas (1) - (3) were obtained over osmotic pressure 
range of 0.30 - 0.53 Osm/kg which occurs in the course of culture, for remaining 
glucose concentration Gr (g/1), ethanol concentration E (g/1), bacteria 
concentration X (OD660) and osmotic pressure n (Osm/kg) by a least square 
method. 
[0024] 

Gr = -185.9 X 71 + 102.0 (r = -0.996) (1) 
E = 105.2 X n - 31.3 (r = 0.972) (2) 
X = 24.4 X 7c - 7.4 (r = 0.982) (3) 

[0025] 

In this case, it was found that the change in time of the osmotic pressure 
of the culture liquid had a strong correlation with the remaining glucose 
concentration, the ethanol concentration, and also the bacteria concentration, 
and that the state of the culture process can be understood by measuring the 
osmotic pressure of the culture liquid in the culture process. It was therefore 
clarified that the changes in time of the desired substrate concentration, the 
metabolite concentration and the cell concentration can be found by measuring 
the osmotic pressure of the culture liquid in the culture process of ethanol 
fermentation by yeast. 
[0026] 
Example 2 
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Culture control for lactic acid fermentation by lactobacillus 
Lactobacillus casei 

A culture monitoring by the osmotic pressure of the culture liquid for 
lactobacillus was investigated, in consideration also of acid dissociation rate 
affected by pH. Lactobacillus casei was grown in static culture under at 37^C in 
a Rogosa culture medium (J. Inf. Dis., 110, 258-267, 1962). Changes in time of 
glucose concentration, a lactic acid concentration, bacteria concentration 
(OD660), osmotic pressure and pH are shown in Fig. 3. The osmotic pressure 
was converted to its equivalent at 273*'K. As will be apparent from Fig. 3, the 
osmotic pressure showed a positive proportional relationship with the bacteria 
concentration and the lactic acid concentration, and an apparent negative 
proportional relationship with the remaining glucose concentration. 



A following Van't Hoff equation (4) was found to be valid within a range 
where the concentration C was not excessively large, for osmotic pressure TCatm 
(atm), solute mass molar concentration C (mole/kg), absolute temperature T CK) 
of the solution and the pure solvent in a thermal equilibrium, and where the gas 
constant (0.082 kg-atm-^'K'^-mole'^) is R. 



Therefore, the concentration of the solute can be calculated from the 
equation (4), by measuring the osmotic pressure and the temperature. 
Principal parameters involved in the change of the osmotic pressure in the 
homogeneous lactic acid culture are decreases in the nutrition sources 
principally represented by glucose, and inversely increasing lactic acid. Also, 



[0027] 



^atm " RTC 



(4) 



[0028] 
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lactic acid shows a dissociation rate which decreases due to the influence of the 
culture liquid pH decreasing during culturing. It is therefore possible, as in 
Example 1, to calculate these culture state variables from the osmotic pressure 
by an approximation by a least square method based on experimental results, 
but a theoretical equation in consideration of the dissociation rate is more 
accurate. 
[0029] 

Therefore, the following Henderson-Hasselbalch equation for a pKa at a 
pH with an electrolyte dissociation rate of 50 % : 

pH = pKa + log[dissociated acid concentration] / 

[non-dissociated acid concentration] (5) 
was modified to obtain the dissociation rate (%) by a following equation (6): 

dissociation rate = [ioIph-p^»V(10^p° p^»^ + 1)) x 100 (6). 

[0030] 

Changes in time of the nitrogen sources other than glucose and the 
nutrition sources such as trace components influencing the osmotic pressure 
were not individually measurable and were not investigated. However, these 
are in proportional relations with the bacteria concentration and can be 
represented as a product of the bacteria concentration and a constant K. Based 
on these and the equation (6), the osmotic pressure can be obtained from a 
following equation, for a osmotic pressure n (Osm/kg), an osmotic pressure TCf 
(Osm/kg) at the start of culture, a consumed glucose concentration G (g/1), a 
bacteria concentration X (OD660) and a produced lactic acid concentration L 
(g/1): 

n = .G/180 + kX + L/90.{10^P^P^'*V(10^P°-P^^^ + 1)} + ui (7). 
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[0031] 

The pKa of lactic acid was 3.86 and the constant K for which the 
measured value and the calculated value for the osmotic pressure coincide was 
0.0057, and by substituting these values in the foregoing equation, there was 
obtained: 

n = -G/180 + 0.0057.x + L/90.{10^p°-^-'^V(10^''°'^-*^^ + 1)} + ni (8). 

[00321 

An yield of lactic acid to the consumed glucose L/G (g-lactic 
acid/g-glucose) and a solid yield X/G (OD660/g-glucose) were determined from 
experimental values as: 

L/G = 0.85 (9) 

X/G = 0.51 (10) 
and the simultaneous equations (8) - (10) were solved for the consumed glucose 
concentration, the lactic acid concentration and the bacteria concentration to 
obtain following relations (11) - (13) containing osmotic pressure and pH as 
parameters: 

G = (7c-7ti)/[0.0094.{10fP^-^**^V(10fP°-^ *^^+ 1)+ 1) -0.0085] (11) 
L = (7C-7Ci)/[0.0111.{10tP^ "*^V(10^P^-^^*^+ 1)+ 1} -0.0099] (12) 
X = (7c-7ii)/[0.0185 {10fP^-^ *^V(10^P°-' "^+ 1)+ 1} -0.0160] (13). 

[0034] 

Fig. 4 shows plotting of the values of the state variables calculated from 
these equations under a condition of ni = 365 mOsm/kg in the solid line and 
measured values in the dotted line. The calculated values and the measured 
values showed good matching, and it is clear that the desired monitoring of the 
changes in time of the substrate concentration, the metabolite concentration and 
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the cell concentration can be achieved by measuring the osmotic pressure and 
the pH. More speciflcally^ in this case, the change in time of the osmotic 
pressure in the culture liquid showed either a high positive or negative 
correlation with the remaining glucose concentration, the lactic acid 
concentration and the bacteria concentration, and it was clarified that the state 
of the culture process can be understood by measuring the osmotic pressure of 
the culture liquid during the lactic fermentation culture with the lactobacillus. 
[0035] 

In a culture employing milk instead of Rogosa medium, a similar result 
was obtained by measuring a number of live bacteria instead of OD 660 as the 
bacteria amount, and could be utilized in monitoring a fermented milk 
producing process. 
[0036] 
Example 3 

Culture control in a fed batch culture process of chlorella Chlorella 
regularis 

As a dark culture of chlorella in a fermentation tank is subjected to 
proliferation inhibition by the substrate glucose, an investigation was made on a 
fed batch culture in which the substrate amount was controlled by an osmotic 
pressure of the culture liquid. Chlorella regularis was cultured under aeration 
and agitation in a culture medium containing glucose and urea as principal 
components and under a condition of 35**C (Agr. Biol. Chem., 38, 1, 9-18, 1974). 
As in the foregoing Example 1, glucose was taken as a culture state variable 
representative of other substrates varying in parallel with glucose, and an 
investigation was made in the chlorella culture on the relationship between 
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glucose concentration Gr (g/1) and osmotic pressure n (Osm/kg) converted to its 
equivalent at 273^K. As a result, a high correlation (Fig. 5) was found, and the 
following relation was obtained by a least square method. 
Gr = 101.6 X 71 - 4.8 (r = 0.995) (14) 

[0037] 

This relation was utilized to calculate concentration of glucose 
remaining in the culture liquid from the osmotic pressure, and there was 
investigated a fed batch culture in which the glucose concentration was 
controlled at 3% or less. Since the osmotic pressure was 88 mOsm/kg at a 
glucose concentration of 5 g/1 just before the glucose was exhausted and 338 
mOsm/kg at 30 g/1, the addition of a fed batch culture medium containing 
glucose was started when the osmotic pressure reached 88 mOsm/kg and 
continued until the osmotic pressure reached 338 mOsm/kg, and the addition of 
the culture medium was started again when the osmotic pressure reached 88 
mOsm/kg again. Fig. 6 shows a result of the culture continued by repeating this 
process. 
[0038] 

The chlorella concentration was represented as packed cell volume (FCV 
ml/1). In the culture system based on the osmotic pressure, the calculated 
values and the measured values of glucose showed good matching, glucose could 
be controlled at 3% or less without ever being exhausted and could be 
exponentially batch-fed in synchronization with the bacteria proliferation. The 
fed batch culture control based on the osmotic pressure value was identified as 
an excellent method which was simple and prompt. 
[0039] 
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In case of chlorella, glucose as the substrate is consumed in the course of 
culture process, but has to be suitably added in the course of culture as the 
glucose concentration that can be added at the start of culture is limited. 
Because of high correlation between the osmotic pressure and the glucose 
concentration was found, it was found that the culture control of chlorella can be 
conducted by the osmotic pressure measurement. 
[0040] 

[Effect of the Invention] 

As explained in the foregoing, the present invention relates to a culture 
management method for microorganisms (including cells), characterized in 
managing the culture utilizing osmotic pressure of a culture liquid during 
culturing as an index, and the present invention enables easy and prompt 
monitoring and control of the culture state in a process such as material 
production or cell proliferation performed by a culture of microorganisms 
(including cells). 
[0041] 

The present invention also allows determination in advance of the 
correlation between osmotic pressure of a culture liquid during culturing and at 
least one of the following: substrate concentration in the culture liquid, 
concentration of a metabolite, and concentration of microorganisms (including 
cells), and achievement of exact, easy, and prompt monitoring and control of a 
culture of microorganisms (including cells) utilizing such correlation as an 
index. 

[Brief Description of Drawings] 

[Fig. 1] Showing change in time of culture state variables in a yeast culture 
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process. 

[Fig. 2] Showing the relation between osmotic pressure and culture state 
variables in a yeast culture process. 

[Fig. 3] Showing change in time of culture state variables in a lactic acid 



[Fig. 4] Showing change in time of calculated values and measured values of 
culture state variables. 

[Fig. 5] Showing relation between osmotic pressure and glucose concentration 
in a chlorella culture process. 

[Fig. 6] Showing a change in time of status variables in a fed batch culture 
utilizing, as an index, a glucose concentration calculated from osmotic pressure. 



left: glucose concentration (g/1) ethanol concentration (g/1) A, bacteria 

concentration OD660 ■ 

center: culture time (h) 

right: osmotic pressure (mOsm/kg) O 



left: glucose concentration (g/1) ethanol concentration (g/1) bacteria 

concentration OD660 ■ 

center: osmotic pressure (mOsm/kg) O 



left: glucose concentration (g/1) ethanol concentration (g/1) bacteria 
concentration OD660 pH A 
center: culture time (h) 



culture process. 



[Fig. 1] 



[Fig. 2] 



[Fig. 3] 
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right: osmotic pressure (mOsm/kg) O 
[Fig. 4] 

left: glucose concentration (g/I) ethanol concentration (g/I) A, bacteria 
concentration OD660 ■ 
center: culture time (h) 
[Fig. 5] 

left: glucose concentration (g/1) 
center: osmotic pressure (mOsm/kg) 
[Fig. 6] 

left: glucose concentration (g/1) bacteria concentration PCV (ml/1) ■ 
right: osmotic pressure (mOsm/kg) O 
center: culture time (h) 

glucose fed batch 
glucose fed batch 
glucose fed batch 
osmotic pressure 
glucose 

bacteria number 
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jSS®'>7^<<»:feia®Mi©fflMM»^* 

^&#tr) (Dmm(o9m:^m\z^^^x. mmm.<Dmmm<D 
[0 0 11] 'Aiz. *immiz-z>\,^xw.izmm\zwimt 



(3) 



- 1 7 7 8 7 6 



7.<Dm^&zfmmf3:ii\zmm-^n^h<D-v$>r). ^mm. 

^m. mm^mm. ^m-^Wi^<r>mm\z 

[0 0 12] MIC, 2|5:5EWeii3i:::^0««Mt«. 
CO 0 1 3] )k\Zs *^?giC:33ViT«. ««XgfC*5lt 
[0 0 14] *5!?g#f>(DW5tL.fci:;i^lCJ:n«> d 

^v^jti^n. ^©^*, a*!^. s.r/^)ffliia©e«tc*v^ 

T, iS«xaJc43tt^lg«jiS©S3£E^SI^-r^^:i:tC 
ctD, ^KSSEE©fflSrt&gltL.T. feSV^li^*^* 

[0 0 15] in^. gSEEtf-, a^Kna^isi^isjtg 
^*>^'f >ii3ffiittcT. ^^jLmziin^i^mk<7i 
m.ms.^wcWit^'^nz^K). '^^(r>^ois.m^m^oi 

[0 0 16] Cl©«^. ««JA«v itHH^^ti, 



JS©*»SS. f^»fif3j@«, RC/SBaSiS 
m.(D'p1S.< tfe ia©^fi<i:©4§HH^^*J6^^^i(c 

©ttffi*^S-r-5c:i:dt-x?#s. Stc, ::©Jig^. 

iHJ^«*fe»Cct ^«Ti¥i$*©SitinMffi©$!lP#©$D < . 

ig«:/D-fcx(c:tett^ffi«©itf^^ic©«'iiitc. ±l2a 
SJE©M» Vitt-€-ia*> e. ^tB S n-5fl&©ttlg^l8cS:ipJ 

ffl -r ^ c: 3S:i: wtgT ^ . 

[0 0 17] ^«^©SSffi©fili:7C*Jt^n-i>^KlS« 
«&©P^tCj;n«, »«©7;U3-;U^»{c<}:SX^' 

y-;w**©««:/D-fexjc*3it-5^«'ss©«'&, 

«f^©SS)Ei:SMlS«?B!>t>©S#i^;Hi-7.JSS, X 

^y-)ims.. s.t;afriss©H«{c-ie©iaiiH«*i 
©M»iC^**T*5it«, ^«yD-fex©ffla[©ii#wic 

offlj$c«?i©^s*fT-5 d iiti-v^^z. tam-o^. 

[0 0 18] Sfc. -fiRJ^a, aMffi©ail^»©ig«^ 

m. iRzm^i:r)vzi-xmmt<om\z\-i. -€©*f^=© 
« p -fex ©3i:i:©B?f ffl tc *5 T^#}K© aMJE ^ ai^ 

r-Si'SttT. S^gSJE©fl[SrJi^iUT, 

[0 0 19] Sfc, )l^SC:ffP«ite^$&^^18 
<it:fettSi7 o ^7©iiffilin^§l:^fttr J:«>^«yn-fex 

izti»^mm'^m<Dm^. *^Bj#e.©w^tcj:n«. 

t©Ktc!ftiiffiMtt*ia&«.::t*«^viai$n. tJet?T. 
^sS), M«©i3«^C:S:*^^)T:te^t^^, ^Siya-fex©ji 

ii:©B#»(c:feViT^^jg©a^EE^iii^-r^fftt-c, a 

^aSffi©«Srit«tbT, l^«J^©^«H^^SiE?t 
flg^I. i)^-z>mm\zmm-r^z:ti!fi-^^. e:ntc«t 

^figiTSo. m.immm:fj^izjz^)^mmm(Dmn^m 

■A^-Dmmiznz>z.ti)^-v^^:it^m-:>rz. 
[0 0 2 0] c<D^o\z. mmvftia 

«yp-fe7.tc*5;t-5a^a^%©it«es^. 
JK4'©SSBE*S!l>£-r-5fc*tt-e, iES»T% Ti^offl 




[0 0 2 1] 

<Dmm(Dm^-fa±:7,<Dm-^(Dmmzioi^xm^-sn^ 
vxmm^nx^^^mmmm. itmm<^mm.. mmmm. 

«S Sr=ft-r ^) t 5 t UT US! ^ nfc t) ©TS 

[0 0 2 2] 

Lmmm] m\>^x. :^mm<Dmmm^^hx:^9tm=s:w. 
izmi^m^z^m-t^i)^. ^¥tm\t. mmmmmizm'&-^ 

G r =-185. 9 X 7C + 102. 0 
E = 105.2 X 7C - 31. 3 
X = 24.4 X 7C - 7.4 
[0 0 2 5] ^(73«^ti. l§«jS(©gSJ£<^)iSP#^ft; 

S5tXiSlC*5t+-g)Jg«^«aSffi^ail«-r ^ C <!: tc J; 
[0 0 2 6] 2 

m 

I^OSSffitCJcSlgflSga^^Wbfc, Rogosa«fl6(J. 

7t,i. =RTC 

[0 0 2 8] iJEoT. a^EE<!:iaa[S:ai^-r-&C:i:{Cj; 
0. ±tB (4) ^iD. ^WWiftft^^m-r^Ct^ST: 




(4) !ttM¥7 - 1 7 7 8 7 6 

mm., mwmm. (OD660)&*«)Tis«-r^::t^BW 

\Z. ^^ifedr LTSaccharomyces cerevisiae IFD10217 

^ffifflu, ^n^^m^^m (Bsx=<^;^o. 3%. * 

^X^XO. 3%. ^ZfV>0. 5%, i^;l'Zl-X4. 

5%) 3 0*CW##TtC. X^/- 

*;^^I^T&tCj;Olffl^b. 2 7 3° KtC^ffbfc. 

®<fii5itx^y-;i.jgi[tcMbTtt, iE<7)Jt0iJ 
M^^^b. *fc?5#i/Jl/zi-xj®ft(c:«bTtt. .S.*^ 

[0 0 2 3] i^;pn-xEt^©ijs«as©?ss. srxx^' 

■^XiS'y-;K^)i^®(ctti'<-&i:/h^<. ^fci/;wrj-x 

^/;i/a-7.iS«. x5'y-;i.iSft. SC^Mfl^SSwSffi 
S:m2a»C^-r. n^if)V:2—:i.m& (g/l)SrGr. X 
^'y-Jl'S* (g/l)*E. aft:«|«(OD660) Sfc 
SSEE(0sB/kg)*7tt-r-5t, ^«'4'fC|Efl:-r-5 0. 3 
0~0. 5 3 OsmAg ®aSffiCC>IBHfC:feViT> IS'h^- 
»S(Cj;OeAT« (1) ~ (3) WH^SSrftfc. 
[0 0 2 4] 

(r=-0. 996) (1) 

(r=0. 972) (2) 

(r=0. 982) (3) 

Inf. Dis. . 110. 258-267, 1962) Lactobacillus ca 
sei ^37'C©^frT-r»©lS«bfe. ^)Vzi-7.m&. 
^MSft. S{*«ft(OD660) . S^JE. pHro^««B# 
^{t^EIStC^bfc, S3JI«. 2 7 3° KJCiftUCbT 

^bfc. m^t^^mibi)^fs.i:.^\z. ssBE«. 

[0 0 2 7] SSffiSru,,, (atm) . ^KCD«»t;Vii 

ssrc (mole/kg) , mmiim^m(Dm^mm<DmMusi 

£T (• K) . (0. 082 kg • atm • " K"' • mol 

-Ctt. EAT© (4) ©Van' tHoffWS: 

(4) 

icitjnbTff<aig*«fe-s. m\z, fim\t. mmmm^ 
iz&T-r ^mmm<D p Hoi^stci ofifBi^7&«/hs < 

€eoT, ±m^mmi(D^oiz. ^^m\zm-::}<m 



(5) 



7-177876 



[0 0 2 9] -S-CIT, MMM<DmmmA^5 0%(Dt^<D 

pH=pKa + log 



pHSrpKatTSi, SkT<D (5) ©Henderson-Hass 
elbalch©a; 

/ mmmmrn.-] (s) 

tt. £tT® (6) ©iC. 



mmm= { i o w-pw/d o iph-pkbi + 1 > ) x i o o 



(6) 



[0 0 3 0] gSffia^kfcj^#S-^A-5i^;pn-xR^ 
7C = -G/180 + k • X + L/90 



[0 0 3 1] aK©pKa«3. 8 6. SfcSSffiODl^ 

7C =-G/l 80-0. 0057- X+L/90- {lOlpH-isei/doiPH-isa+D+i} +7^. 



JE (Dsm/kg) $r n , ^«MS&Bt©aSEE (OsmAg) S tc j . 
?H»y;i/:3-XjSft (g/l)*G, ffifltJSS^ (OD660) * 

(6) S{cJ;tpeAToitT#e,tiS. 

{101pB-PKa)/(101pH-pKal + l)+l} + jj;. (7) 

0. oo57*«#?.n, ^ins&iictf^A-r -St. 



(8) 



[0 0 3 2] mnir)va-7.\z^-r^%m.i^m-L/G 

L/G=0. 85 
X/G=0. 5 1 

-tffe^A^e>. ±IH (8) ~ (10) 

G=(7C-Jti )/l0. 0094 - {lO[p»-3-«ii/(10Wi-s-««+l) + l} 



(g-aK/g-i^;V:3-X) St/fffi*^JR^X/G (OD 



(9) 
(10) 



1) ~ (13) (Dmm^am^nr^, 

[0 0 3 3] 



-0. 0085] 



L=(7C-n:i )/[0. 0111 • { 10 lPH-3. 861/ (lOIpH-3. 861 + 1) +1} -0.0099] 



X=(7C-7Ci)/ [0.0185- {lOM-s-Mi/OOM-isei+D+i} -0.0160] 



(11) 



(12) 



[0 0 3 4] 7t, =3 6 SmOsm/kg (D^frTr. ilWiCJ: 

[0 0 3 5] Rogosa^*fe<Df^t)OlC = ;i/5/^fflVi;tig« 

Gr = 101. 6 X n - 4. 8 

[0 0 3 7] c®w^a;€:fi]ffib. mmm^pizmwr^ 

Ts-A^^m-r ^m.m<^ 5 s/l ©i^©SSff«88m0smAg 
. 30g/l «)B#fi338m0siii/kgT-a&-&<D-e. ^^©ftdPJK 
tbT. SSfE88m0sm/kg {C^ofc«F,^-Ci^;Uzi— X* 



(13) 

[0 0 3 6] mmm 3 

i7DU^. i^Di^^ . u4ijL7'j;^®iiitjin^«xstc*3 

^mm\z^^^uu^cDmmm^zio\,^T. mm-^$>^if 
)Vzj-7.\z^^mmmmt:^n^(D-c^ mmm<Dmms. 
mi-^^mmm^mmr^mmmm^i^fihrc, chioreii 

a regularis ^^)l'=i—Xiimm^^0S(,^fr^^m\Z 
T. 35t:o*^t=T-e. il«Jti^^«^ffofc(Agr. Bio 
1. Cliein.._38^ 1. 9-18, 1974). ±)2fiiZ)^ig{SJ 1 tl^m 

iz. if)i^:n-xizmmvTmt'r^m<Dmmm'h^tf) 

«i^;l'Zl-XS^Gr(g/l) <*:273 ° Ktrm©bfct#© 
a^ffjr (Osm/kg)coH«^^ftfL-fc. ^(D^^. ift^^ 
ffiHtt (S5) 75^*^Clt^J,tiib. «/h-»S(CJ;0 

(r =0.995) (14) 
-&tf851in©iSCD^JnS:$&iie). 338inOsiii/kg(C?^-5S-C^Jn 
^mf. ^fc:rcZ/gSEE88iii0siii/kg tCTiofctd^T^ 

^:^^0 6JC^L^C. 
[0 0 3 8] i^aU7SS«. A-j/:^^ H-t;l'3j^Ui-A 
(PCV ml/1) TaUfc. SSJEtttc:«-:p*<lS«3^rt 



<^m^7 - 1 7 7 8 7 6 



[0 0 3 9] i7DU^CD«^«. &»iiLX(Di/)[^:3- 

fSiej^d^*^. Sfc. soffit ^/;P3-xigSfr^ii 

[0 0 4 0] 

^m±m mm^^ts) (Dmm'sm:^m\zmr^%(D-x! 
^^mm^M, mi^mmf3iE<D-:fa±.7.iz^<,f^mm^ 

-5. 

[^1] 




[0 0 4 1] *5!?gtc<l:nti. ^«), 

ia©iit©iiBii3«g.sr*je). :in^mmzvx. m± 
iEmx\ ffiffi. i}^-Dmmiz'sv^r^z.izi>ix^^, 
[01] mm<oi^m-:fu±.x\z^if^'&^mim»<Dmm 

■r. 

[0 6] mmEEm^^<E>»mvrcif)v=i-7.msit:m9t 



[0 2] 
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(7) 
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